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(57) Abstract 

The present invention provides methods of making compounds of the structure [Q - L^] - L - [L^ - B], wherein Q is a quin- 
olone moiety; B is a beta-lactam moiety; L, L^, and L^ together comprise a carbamate-containing linking moiety, compris- 
ing the steps of : 1) reacting a lactam compound of the formula B-L^-H with phosgene to form an intermediate compound of 
the formula B-L'^-C( = 0)'C1, where L'* is oxygen; and 2) coupling said intermediate compound with a quinolone compound 
of the formula Q-P-R-w, wherein L3 is nitrogen; R44 is hydrogen. Si(R45)3, or Sn(R45)3; and R^s is lower alkyl. Preferably, 
the process additionally comprises steps prior to the reacting and coupling steps where esters of the lactam and quinolone 
compounds are made. Also preferably, the coupling step comprises adding a solution containing the quinolone compound 
to a solution containing the intermediate compound. The process steps are also preferably performed at a temperature of 
from about -80 °C to about 0 **C. Preferred antimicrobial compounds made by these processes are those where the beta-lac- 
tam moiety is a penem. 
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PROCESS FOR MAKING ANTIMICROBIAL QUINOLOKYL LACTAMS 



RArKGRQUND OF THE INVENTION 

5 This invention relates to processes for making antimicrobial 

compounds. The compounds made by this invention contain, as 
integral substituents, a quinolone moiety and a lactara-containing 
moiety. 

The chemical and medical literature describes a myriad of 
10 compounds that are said to be antimicrobial, i.e., capable of 
destroying or suppressing the growth or reproduction of 
microorganisms, such as bacteria. In particular, antibacterial s 
include a large variety of naturally-occurring (antibiotic), 
synthetic, or semi -synthetic compounds. They may be classified 
15 (for example) as the aminoglycosides, ansamacrolides, 
beta -lactams (including penicillins and cephalosporins), Tincos- 
aminides, macro! ides, nitrofurans, nucleosides, oligosaccharides, 
peptides and polypeptides, phenazines, polyenes, polyethers, 
quinolones, tetracyclines, and sulfonamides. Such antibacterial s 
20 and other antimicrobials are described in Antibiotics, 
rhomnt fiprappiitlcs. apH Antibacterii ^l Aopnts for Disease Control 
(H. Grayson, editor, 1982), and E. Gale et al.. Th? HoleCMlar 
R.ci. nf Antibiotic Action 2d edition (1981), both incorporated 

by reference herein. 

25 Recently, a new class of highly potent, broad spectrum 

antimicrobials was discovered, combining beta-lactam moieties 
with quinolone moieties. These compounds have been referred to 
as "Quinolonyl Lactam Antimicrobials" (herein referred to as 
"QLAs)." Such compounds are described in European Patent 

30 Publication 366,189, White and Demuth, published May 2, 1990; 
European Patent Publication 366,193, Demuth and White, published 
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Hav 2 1990; European Patent Publication 366.640, Derauth and 
White,' published Hay 2. 1990; and European Patent Publication 
366, 641. White and Oemuth. published Hay 2. 1990. Other such 
compounds are described in Australian "^^-^^/f 
5 87/75009. Albrecht et al., published January 7. 1988; Australian 
Patent Publication 88/27554. published June 6. 1989; European 
Patent Publication 335. 297. Albrecht et al.. publis ed 
October 4. 1989; and Albrecht et al.. ^ f;^^ 

sporins: Cephalosporin 3'-Quinolone Carbamates". 34 J- Hedicma l 

10 fihemiita 2857 (1991). 

«,„..f,rtnr« of OLAs generally involves synthesis of suitably 
protected substituent beta-lactam and quinolone moieties, a 
linking process, and appropriate de-protection steps T 
specific linking process depends, of course, on the ^ 

15 lactam and quinolone substituent moieties used, as well as the 
type of linkage desired. Several such linking P^J^sses 
bfen described in the literature. However, the ^^^^^^ ^[^'^ 
processes are often low. particularly for the preparation of QLAs 
having a penera substituent moiety. 

20 It has now been discovered that certain linking processes 

using phosgene are useful in making QLAs. particularly t ose 
having a penem substituent moiety. Such processes allow 
efficient synthesis of QLAs, with high yields. 

25 ^,ff^fi«Dv nc THp INVEMTION 

The present invention provides methods of making compounds 
of the structure 



[Q - Ll] - L - [L2 - 81 



30 



wherein 



35 
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(I) Q is a structure according to Formula (I) 



10 



15 



20 



25 



30 



wherein 
(A) 



(B) 



R 



0 
II 

4 X 




3 



(1) a1 is N or C(R7); where 

(i) r7 is hydrogen, hydroxy, alkoxy, nitro, 
cyano, halogen, alkyl, or N(R8)(r9), and 

(ii) r8 and r9 are, independently, R^a where 
R8a is hydrogen, alkyl, alkenyl, 
carbocyclic ring, or heterocyclic ring; 
or r8 and R^ together comprise a 
heterocyclic ring including the nitrogen 
to which they are bonded; 

(2) pX is N or C(r2); where r2 is hydrogen or 
halogen; 

(3) P? is N or C(R5); where r5 is hydrogen; 

(4) r1 is hydrogen, alkyl, a carbocyclic ring, a 
heterocyclic ring, alkoxy, hydroxy, alkenyl, 
aryl alkyl, or N{R8)(r9); 

(5) R^ is hydrogen, halogen, alkyl, a carbocyclic 
ring, or a heterocyclic ring; 

(6) r4 is hydroxy; and 

(7) r6 is hydrogen, halogen, nitro or N(R8}(R9); 
except that 

(1) when is C(R7), R^ and r7 may together 
comprise a heterocyclic ring including N' and 



35 
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10 



(2) when a2 is C(R2). R2 and r3 nay together 
comprise -0-(CH2)n-0-. " ^« ^"^^^^^ 
from 1 to 4; 

(3) when A3 is C(R5). R* and r5 may together 
comprise a heterocyclic ring including the 
carbon atoms to which r4 and r5 are bonded 
and the carbon atom of Formula (I) to which 
said carbon atoms are bonded; and 

(4) when A3 is C(R5), R1 and R5 may together 
comprise a heterocyclic ring including N' and 

carbon to which r5 is bonded; 
(C) and exclprthat one of r1, R6. or R7 must be nil; 

(II) B is a structure according to Formula (II): 



15 



20 



(ID 



R 



11 



R 



10. 



0^ 



R 



14 _ 



25 



30 



35 



wherein 

(A) RIO is hydrogen, halogen, alkyl, alkenyl, 
heteroalkyl, a carbocyclic ring, a heterocyclic 
ring. RS^-O-. R8*CH.N-, (R8)(R9)N-, 
Rl7.C(-CHR20).C(-0)NH-, r17-C(.N0-R19)-C(=0)NH-. 
or Rl8.(CH2)m-C('0)NH-; where 

(1) m is an integer from 0 to 9; 

(2) Rl7 is hydrogen, alkyl, alkenyl, heteroalkyl, 
heteroal kenyl. a carbocyclic ring, or a 
heterocyclic ring; 

(3) Rl8 is Rl7, -Yl. or .CH(y2)(R17); 

(4) r19 is Rl7, arylalkyl, heteroaryl al kyl . 
-C(R22)(R23)COOH. -C(.0)0-r17, or 
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-C(=0)NH-R17, where R22 and r23 are, 
independently, R^^ or together comprise a 
carbocyclic ring or a heterocyclic ring 
including the carbon atom to which r22 and 
r23 are bonded; 

(5) R20 is Rl9, halogen, -y1, or -CH(Y2)(R17); 

(6) Yl is -C(»0)0R21, -C(-0)R21, -N(R24)r21, 
-S(0)pR29, or -0R29; and y2 is Yl or -OH, 
-SH, or -SO3H; 

(a) p is an integer from 0 to 2; 

(b) r24 is hydrogen; alkyl; alkenyl; 
heteroalkyi; heteroal kenyl ; a 
carbocyclic ring; a heterocyclic ring; 
-SO3H; -C(=0)R25; or, when r18 is 
-CH{N{R24)r21)(r17), r24 nay comprise a 

moiety bonded to r21 to form a 
heterocyclic ring; and 

(c) R25 is r17, NH(R17), N(R17){r26), 

0(R26), or S(r26); where r26 is alkyl, 
alkenyl, a carbocyclic ring, a 
heterocyclic ring, or when r25 Is 
N{R17){r26), r26 may be a moiety bonded 
to r17 to form a heterocyclic ring; and 

(7) r21 is r29 or hydrogen; where r29 is alkyl; 
alkenyl; aryl alkyl; heteroalkyi; 
heteroal kenyl ; heteroaryl al kyl ; a carbocyclic 
ring; a heterocyclic ring; or, when Y is 
N(R24)r21 and r21 is R29, r21 and r24 may 
together comprise a heterocyclic ring 
including the nitrogen atom to which r24 is 
bonded ; 

Rll is hydrogen, halogen, alkoxy, or r27c(=0)NH-, 
where r27 is hydrogen or alkyl; 
bond "a" is a single bond or is nil; and bond "b" 
is a single bond, a double bond, or is nil; except 
bond "a" and bond "b" are not both nil; 
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(D) Rl2 is -C(R8a)-. or -CHz-RZ^-; where R28 is 
-C(R8a), -0-, or -N-, and r28 is directly bonded 
to N" in Formula (II) to form a S-membered ring; 
except, if bond "a" is nil, then r12 Is 
5 (!) -C(R8a)(Xl)-, where 

(i) Xl is -R21; -OR30; -S(0)rR20, where r is 
an integer from 0 to 2; -OC»0)R30} or 
N(r30)r31; and 

(ii) r30 and r31 are, independently, alkyl, 

alkenyl, carbocyclic ring or 

r30 

heterocyclic rii»a •• 
and r31 together comprise a heterocyclic 
ring including the nitrogen atom to 
which R30 and R31 are bonded; or 
(2) -CH2-R32-; where R32 is -C(R8a){R21), -0-, 
or -NR8a. and r32 is directly bonded to M" .in 
Formula (II) to form a B-membered ring; 
(E) (1) if bond "b» is a single bond, R13 is 
.CH(R33>-; or, -C(0)NHS02-, if bond "a" is 
nil; or -C*(R33)- if R^* contains a R36 
moiety; where r33 is hydrogen or COOH. and C* 
is linked to r36 to form a 3-membered ring; 
(2) if bond "b" is a double bond, R13 is 
-C(R33)=; or 

,5 (3) if bond "b" is nil, R13 is hydrogen, -SO3H. 

-P0(0R34)0H, .C(0)NHS02N(R34)(R35), -OSO3H, 
-CH(R35)C00H, or .0CH(R34)C00H; where R3* is 
hydrogen, alkyl. alkenyl. a carbocyclic 
ring, or a heterocyclic ring; and R35 is 
hydrogen, alkyl. alkenyl. or -NHR8a; or, if 
Rl3 is .C(0)MHS02N(R3*)(R35), R3* and r35 may 
together comprise a heterocyclic ring 
including the nitrogen to which r34 and r35 
are bonded; and 
(F) (1) if bond "a" or bond "b" is nil, then r1* is 



20 



30 



35 

nil; 
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(2) if bpnd "a" and "b" are single bonds. Rl* is 
-W-C"'»C(R8a).R37., or -W-C"'(R36).r37-. or 

(3) if bond ''a" is a single bond and bond "b" is 
a double bond» r14 is 
-C(R8a)(R38).w-C"'-R37.; 

-C(R8a) (r38) -c" ' -R37.*; or -W-C" ' -R37. ; 

where 

(a) W is 0; S(0}s» where s is an integer 
from 0 to 2; or C(R38)^ where r38 is 

hydrogen, alkyl or alkoxy; 

(b) W is 0; or C{R38); 

(c) r36 hydrogen; alkyl; alkenyl; -COOH; 
or, if Rl3 is -C*(R33), r36 may be 

linked to C* to form a 3-membered 
carbocyclic ring; 

(d) r37 and is nil. alkyl. alkenyl. a 
carbocyclic ring, or a heterocyclic 
ring; and 

(e) C"' is directly bonded to r13 to form a 
5- or 6-membered ring; and 

(III) (A) L is -C{=0)-, and is bonded to l3 and 

(B) Ll is l3 or R15L3; where 

(1) l3 is nitrogen; 

(2) r15 is alkyl, alkenyl, heteroalkyl. a 
heterocyclic ring, a carbocyclic ring, or r15 
together with l3 Is a heteroalkyl or a 
heterocyclic ring; and 

(3) is bonded to Q at the point of attachment 
of Rl, r6 or R7. whichever is nil; 

(C) l2 is l4, .X2t-R39-L4, or -X3fR39-L4; where 

(1) l4 is oxygen; 

(2) X2 is oxygen, or S(0)v, where v is 0, 1, or 

(3) X3 is nitrogen; N(R40); N+(R*1)(R*2); or 
r43.n{r41); and is linked to Rl* by a single 
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or double bond; or, if Rl* is nil, is 
linked to B by a single or double bond; where 

(a) is R8a; -0R8a; or -C(»0)R8a; 

(b) r41 and R*^ are, independently, 
5 hydrogen; alkyl; .alkenyl; carbocyclic 

rings; heterocyclic rings; or, if R^ is 
Rl6x, then R*l and r42 together with Q" 
may comprise a heterocyclic ring as r15; 

(c) R*3 is N{R*1), oxygen or sulfur; 

10 (4) t is 0 or 1; 

/c\ d39 ie aiirvl. alkenvl. heteroalkyl, 



20 



V/ 



heteroal kenyl , a carbocyclic ring, or a 
heterocyclic ring; and 
(6) (a) if bond "a" or bond"b" is nil, then l2 
15 is bonded directly to r12 or Rl3; or 

(b) if bond "a" and bond "b" are not nil, 
then is bonded to R^^; 
and pharmaceutically-acceptable salts and biohydrolyzable 
esters thereof, and hydrates thereof; 



comprising the steps of: 



(1) Reacting a lactam compound of the formula B-L*-H with 
phosgene to form an Intermediate compound of the formula 

25 B-L4-C{=0) -CI ; and 

C2) Coupling said intermediate compound with a quinolone 
compound of the formula Q-l3-r44; wherein r44 is hydrogen, 
Si(R*5)3, or Sn{R45)3; and R45 is lower alKyl. 

30 Preferably, the process additionally comprises steps prior to the 
reacting and coupling steps where esters of the lactam and 
quinolone compounds are made. Also preferably, the coupling step 
comprises adding a solution containing the quinolone compound to 
a solution containing the intermediate compound. The process 

35 steps are also preferably performed at a temperature of from 
about -80' C to about 0* C. Preferred antimicrobial compounds 
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10 



15 



20 



made by these processes are those where Rl4 is -w-C"'-r37-, more 
preferably wherein W is S(0)s. 

DESCRIPTION OF THE INVENTION 

The present invention encompasses methods for making certain 
QLAs. These compounds are 'useful for. treating infectious 
disorders in humans or other animal subjects. Thus, the 
compounds made by this invention must be pharmaceutical 1y 
acceptable. As used herein, such a "pharmaceutical ly-acceptable" 
component is one that is suitable for use with humans and/or 
animals without undue adverse side effects (such as toxicity, 
irritation, and allergic response) commensurate with a reasonable 
benefit/risk ratio. 

OLAs 

The compounds ("QLAs") made by the methods of this invention 
encompass any of a variety of lactam moieties linked, by a 
linking moiety, to a quinolone moiety at the 1>, 5-, or 
7-position of the quinolone. These compounds include those 
having the general formula 

[Q - Ll] - L - [L2 . B] 



25 



30 



35 



wherein 

(I) Q is a structure according to Formula (I) 



(I) 



R 



4 




wherein 

(A) (1) a1 is N or C(R7); where 



1 



15 



20 



25 



30 



(2) 
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(i) r7 is hydrogen, hydroxy, alkoxy, nitro, 
cyano. halogen, alKyl. or N(R8)(R9) (preferably 
hydrogen or halogen), and 

(ii) r8 and r9 are, independently, R^a where R" 
5 is hydrogen, alkyl. alkenyl, carbocyclic ring. 

or heterocyclic ring; or RS and r9 together 
comprise a heterocyclic ring including the 
nitrogen to which they are bonded; 
a2 is M or (preferably) C(R2); where RZ is 

10 hydrogen or halogen; 

(3) A3 is N or (preferably) C(R5); where R5 is 

hydrogen ; 

(4) Rl is hydrogen, alkyl, a carbocyclic ring, a 
heterocyclic ring, alkoxy, hydroxy, alkenyl, 
arylalkyl. or N(R8)(R9) (preferably alkyl or a 
carbocyclic ring); 

(5) r3 is hydrogen, halogen, alkyl, a carbocyclic 
ring, or a heterocyclic ring (preferably a 
heterocyclic ring); 

(6) R* is hydroxy; and 

(7) r6 is hydrogen, halogen, nitro or N{R8)(R ); 

(B) except that 

(1) when Al is C(R7). r1 and r7 may together comprise 

a heterocyclic ring including N' and Al; 

(2) when a2 is C(R2). R2 and r3 may together comprise 
-0-(CH2)n-0-. where n is an integer from 1 to 4; 

(3) when A3 is C(R5). R* and r5 may together comprise 
a heterocyclic ring including the carbon atoms to 
which R* and R5 are bonded and the carbon atom of 
Formula (I) to which said carbon atoms are bonded; 
and 

(4) when A3 is C{R5), R1 and r5 may together comprise 
a heterocyclic ring including N' and the adjacent 
carbon to which r5 is bonded; 

and except that one of Rl, R^. or tJ must be nil; 



35 (C) 
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(11) B Is a structure according to Formula (II): 



(A) rIO is hydrogen, halogen, heteroalkyl, a carbocyclic 
ring, a heterocyclic ring, R8a-0-, R^aCH-N-, 
CR8)(R9)N-, r17-C{=CHR20)-C(=0)NH-, or (preferably) 
alkyl, allcenyl, R17-C(=N0-r19)-C(=0)NH-, or 
R^^-(CH2)n)-C(=0)NH-; where 

(1) in is an integer from 0 to 9 (preferably from 0 to 



(2) r17 is hydrogen, allcyl, alkenyl, heteroalkyl, 
heteroalkenyl, a carbocyclic ring, or a 
heterocyclic ring (preferably alkyl, a carbocyclic 
ring, or a heterocyclic ring); 

(3) Rl8 is r17, .yl, or -CH(Y2){R17); 

(4) r19 is Rl7, aryl alkyl, heteroaryl al kyl , 
-C(R22)(r23)C00H, -C(=0)0.r17, or .C(=0)NH'R17, 
where r22 and r23 are, independently, Rl7 or 
together comprise a carbocyclic ring or a 
heterocyclic ring including the carbon atom to 
Mhich R22 and r23 are bonded (preferably R^^ or 
-C(R22)(R23)cooH); 

(5) r20 is Rl9, halogen, -yl, or -CH(Y2)(r17) 
(preferably r19 or halogen); 

(6) Yl is -C(=0)0R21, .e(-0)R21, -N(R24)R21, 
-S(0)pR29, or -0R29; and y2 is Yl or -OH, -SH, or 
-SO3H; 

(a) p is an integer from 0 to 2 (preferably 0); 



(11) 
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(b) r2* is hydrogen; alKyl; alkenyl; heteroalkyl; 
heteroaltenyl; a carbocyclic ring; a heterocyclic 
ring; -SO3H; -C(M))R25; or. when Rl8 is 
-CH{N(R2*)R21)(R17), r24 nay comprise a moiety 
bonded to R^l to form a heterocyclic ring; and 

(c) r25 is Rl7, NH(Rl7), N(R17)(R26), o(R26), or 
S(R26) (preferably R". NH(R17). N(R17)(R26)); 
where r26 is alRyl. alkenyl, a carbocyclic ring, a 
heterocyclic ring, or (preferably) when R25 is 
N(r17)(r26), r25 may be a moiety bonded to R" to 

iir Hna: and 

lUIUI O iicww* • - - 

r21 is r29 or hydrogen; where RZ9 is alkyl; 
alkenyl; aryl alkyl; heteroalkyl; heteroal kenyl ; 
heteroaryl alkyl; a carbocyclic jJ^S? » 
heterocyclic ring; or, when Y is N(R24)R21 and R21 
is r29, R21 and r2* may together comprise a 
heterocyclic ring including the nitrogen atom to 
which r24 is bonded (preferably hydrogen, alkyl, a 
carbocyclic ring, or a heterocyclic ring); 
rU is hydrogen, halogen, alkoxy, or r27c(=0)NH- 
(preferably hydrogen or alkoxy), where r27 is hydrogen 
or alkyl (preferably hydrogen); 
bond -a" is a single bond or is nil; and bond "b" is a 
single bond, a double bond, or is nil; except bond "a" 
and bond "b" are not both nil; 

r12 is -C(R8a)-, or -CH2-R28- (preferably -C(R8a)-); 
where R28 is .C(R8a). -0-. or -N-. and r28 is directly 
bonded to N- in Formula (II) to form a 5-membered ring; 
except, if bond "a" is nil, then R12 is 
(1) (preferably) -C(R8a)(Xl)-. where 

(i) Xl is -R21; -0R30; -S(0)rR30, where r is an 
integer from 0 to 2 (preferably 0); -OC.O)R30; or 
M(r30)r31; and 

(ii) r30 and R31 are, independently, alkyl, 
alkenyl. carbocyclic ring or heterocyclic ring 
substituents; or R30 and r31 together comprise a 
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heterocyclic ring Including the nitrogen atom to 
which r30 and R^^ are bonded; or 
(2) -CH2-R32-; where R32 is -C(R8a)(R21), -0-, or 
-NR8a, and r32 is directly bonded to NMn Formula 
(11) to form a 5-membered ring; 

(1) If bond "b" Is a single bond, r13 is (preferably) 
-CH(R33)-; or, -C(0)NHS02-, if bond "a" is nil; or 
-C*(R33). if r14 contains a r36 moiety; where r33 
is hydrogen or (preferably) COOH, and C* is linked 
to r36 to form a 3-membered rfng; 

(2) if bond "b" is a double bond, r13 is •C(R33)»; or 

(3) if bond "b" Is nil, r13 Is hydrogen, -SO3H, 
-P0(0R34)0H, -C(0)NHS02N(R34)(r35), .OSO3H, 
-CH(R35)C00H, or -0CH(R34)C00H (preferably -SttsH 
or -C(0)NHS02N(R34)(r35)); where r34 is hydrogen, 

alkyl, alkenyl, a carbocycHc ring, or a 
heterocyclic ring; and R35 is hydrogen, alkyl, 
alkenyl, or -NHR^a; or (preferably), if Rl3 is 
-C(0)NHS02N(R34)(r35), r34 and r35 nay together 

comprise a heterocyclic ring including the 
nitrogen to which r34 and r35 are bonded; and 

(1) if bond "a" or bond "b" is nil, then Rl4 is nil; 

(2) if bond "a" and "b" are single bonds, Rl4 is. 
-W-C"'-C(R8a).R37., or -W-C"'(R36)-r37.. or 

(3) (preferably) if bond "a" Is a single bond and bond 
"b" is a double bond, R^4 is 
-C(R8a)(R38).w-C"'-R37.; or (preferably) 
-W'-C(R8a){R38).C"'-R37.; or -W-C"'-R37.; where 

(a) W Is 0; S(0)s> where s is an integer from 0 
to Z (preferably 0); or C(R38), where r38 Is 
hydrogen, alkyl or alkoxy; 

(b) W is 0; or C(R38); 

(c) R36 hydrogen; alkyl; alkenyl; -COOH; or, if 
r13 is -C*{R33), r36 may be linked to C* to 
form a 3-mefflbered carbocyclic ring; 
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(HI) (A) 

(B) 



(d) r37 and is nil. alkyl. alkenyl. a 
carbocyclic ring, or a heterocyclic ring; and 

(e) C"' is directly bonded to Rl3 to form a 5- or 
e-merabered ringi and 

L is -C(»0)-, and is bonded to and 
l1 is l3 or R15L3; where 
11) l3 is nitrogen; 

a R15 is ami. alkenyl. heteroa^l, a heterocycl 
rina. a carbocyclic ring, or R15 together wtth l3 
is a heteroalkyl or a heterocyclic ring; 
(3, Ll is bonded to Q at the point of attachment of 
Rl r6 or r7. whichever is nil; 
_ l2 is li. -X2t-R39-L*. or -X3t-R39-L*; where 

15 (1) is oxygen; 

m x2 is oxygen, or S(0)v. where v is 0. 1, or z; 

3 is niUen; N(R40,; N^(R«)(R«); or 
r43.n(R41); and is linked to Rl* by a single or 

. -f Dl4 is nil X3 is linked to B 
double bond; or, if R^* is n^^' * ^ 

by a single or double bond (preferably X3 is 
nitrogen, N(R40). or NnR")!^*^)); where 

(a) R*0 is R8a; -0R8a; or .C(.0)R8a (preferably 

RBa) ; 

(b) r41 and R« are, independently, hydrogen; 
alkyl; alkenyl; carbocyclic rings; 

. «^ if r6 is r16X. then 
heterocyclic rings; or, if R° is k a. 

r41 and R« together with Q" may comprise a 
heterocyclic ring as R^^; 

(c) R*3 is N(R41), oxygen or sulfur; 

•sn (41 t Is 0 or 1; , 

5 r39 is alkyl. alkenyl, heteroalkyl. 

heteroalkenyl. a carbocyclic ring, or a 
heterocyclic ring; 
(6) (a) if bond -a- or bond "b" is nil. then is 
bonded directly to r12 or r13; or 



20 



25 



35 
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(b) If bond "a" and bond "b" are not nil, then 
is bonded to r14; 
and pharmaceutical ly-acceptable salts and blohydrolyzable esters 
thereof, and hydrates thereof. Preferred antimicrobial compounds 
S made by the processes of this Invention include those where is 
nil and comprises a bond to and those where is nil and 
comprises a bond to L^. 



Definitions and Usaoe of Terms : 

10 

The following is a list of definitions for terms used herein. 

"Heteroatom" is a nitrogen, sulfur or oxygen atom. Groups 
containing one or more heteroatoms may contain different 
IS heteroatoms. 

"AlkyV* is an unsubstituted or substituted saturated 
hydrocarbon chain radical having from 1 to 8 carbon atoms, 
preferably from 1 to 4 carbon atoms. Preferred alkyl groups 
include (for example) methyl, ethyl, propyl, isopropyl, and 
20 butyl. 

"Heteroalkyl" is an unsubstituted or substituted saturated 
chain radical having from 3 to 8 members comprising carbon atoms 
and one or two heteroatoms. 

"Alkenyr is an unsubstituted or substituted hydrocarbon 
25 chain radical having from 2 to 8 carbon atoms, preferably from 2 
to 4 carbon atoms, and having at least one olefinic double bond. 

"Carbocyclic ring" is an unsubstituted or substituted, 
saturated, unsaturated or aromatic, hydrocarbon ring radical. 
Carbocyclic rings are monocyclic or are fused, bridged or spiro 
30 polycyclic ring systems. Monocyclic rings contain from 3 to 9 
atoms, preferably 3 to 6 atoms. Polycyclic rings contain from 7 
to 17 atoms, preferably from 7 to 13 atoms. 

"Cycloalkyr is a saturated carbocyclic ring radical. 
Preferred cycloalkyl groups include (for example) cyclopropyT, 
35 cycl obutyl and cycTohexyl . 
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-Heterocyclic ring" is an unsubstituted or substituted, 
saturated, unsaturated or aromatic ring radical comprised of 
carbon atoms and one or nwre heteroatoms in the ring. 
Heterocyclic rings are monocyclic or are fused, bridged or sp.ro 
5 polycyclic ring systems. Monocyclic rings contain from 3 to 9 
atoms, preferably 3 to 6 atoms. Polycyclic rings contain from 7 
to 17 atoms, preferably from 7 to 13 atoms. 

-Aryl- is an aromatic carbocyclic ring radical. Preferred 
aryl groups include (for example) phenyl, tolyl. xylyl. cumenyl 

10 and naphthyl. . , 

... . m ,„ arnmatic heterocyclic ring radical. 

"neteruaijr I — • n r i 

Preferred heteroaryl groups include (for example) thienyl, fury . 
pyrrolyl. pyridinyl. pyrazinyl. thiazolyl. quinolmyl, 
pyrimidinyl and tetrazolyl . 
15 "Alkoxy" is an oxygen radical having a hydrocarbon chai 

substituent. where the hydrocarbon chain is an alkyl or alkenyl 
(i.e.. -0-alkyl or -O-alkenyl). Preferred alkoxy groups include 
(for example) methoxy. ethoxy. propoxy and allyloxy. 

"Alkylamino« is an amino radical having one or two alkyl 

20 substituents (i.e., -N-alkyl). 

"Arylalkyl- is an alkyl radical substituted with an aryl 



group 



Preferred arylalkyl groups include benzyl 



'''''"^wlmino" is an amine radical substituted with an aryl 

25 group (i.e., -NH-aryl). u,.,-tnanf 
"Aryloxy- is an oxygen radical having a aryl substituent 

(i.e., -0-aryl). . 

-Acyl" or "carbonyl" is a radical formed by removal of the 
hydroxy from an carboxylic acid (i.e.. R-C(=0)-). Preferre 
30 alkylacyl groups include (for example) acetyl, formyl. and 

"'"'^'Cioxy" is an oxygen radical having an acyl substituent 
(i.e.. -0-acyl); for example,-O.C(»0) -alkyl. 

"Acylamino" is an amino radical having an acyl substituent 
35 (i.e.. -N-acyl); for example, -NH-C(.0) -alkyl. 
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"Halo"» "halogen", or "halide" is a chloro, bromo, fluoro or 
iodo atom radical. Chloro and fluoro are preferred halldes. 

Also, as referred to herein, a "lower" hydrocarbon moiety 
(e.g., "lower" all;yl) Is a hydrocarbon chain comprised of from 1 
5 to 6, preferably from 1 to 4, carbon atoms.- 

A "pharmaceutical 1y-acceptable salt" is a cationic salt 
formed at any acidic (e.g., carbo)^!} group, or an anionic salt 
formed at any basic (e.g., amino) group. Many such salts are 
known in the art, as described in World Patent Publication 
10 87/05297, Johnston et al., published September 11, 1987 
(incorporated by reference herein). Preferred cationic salts 
include the alkali metal salts (such as sodium and potassium), 
and alkaline earth metal salts (such as magnesium and calcium). 
Preferred anionic salts Include the halides (such as chloride 
15 salts). 

A "biohydrolyzable ester" is an ester of a QLA that does not 
essentially interfere with the antimicrobial activity of the 
compounds, or that are readily metabolized by a human or lower 
animal subject to yield an antimlcrobi ally-active quinolonyl 

20 lactam. Such esters include those that do not Interfere with the 
biological activity of quinolone antimicrobials or beta-lactam 
antimicrobials (cephems, for example). Many such esters are 
known in the art^ as described in World Patent Publication 
87/05297, Johnston et al., published September 11, 1987, 

25 (Incorporated by reference herein). Such esters include lower 
alkyl esters, lower acyloxy-alkyl esters (such as acetoxymethyl , 
acetoxyethy 1 , ami nocarbony 1 oxymet hyl , pi val oyl oxymethy 1 and 
pivaloyloxyethyl esters), lactonyl esters (such as phthalidyl and 
thiophthalidyl esters), lower alkoxyacyloxyalkyl esters (such as 

30 methoxycarbonyloxymethyl , ethoxycarbonyloxyethyl and 

1 sopropoxycarbonyl oxyethyl esters ) , al koxyal kyl esters , chol 1 ne 
esters and alkyl acylamino alkyl esters (such as acetamidomethyl 
esters). 

As defined above and as used herein, substituent groups may 
35 themselves be substituted. Such substitution may be with one or 
more substituents. Such substituents Include (for example) those 
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llsted in C. Hansch and A. Leo, <^|ib5tituent Constants for 
Correlation Analysis in Chemis try and Bioloav (1979), 
incorporated by reference herein. Preferred substituents include 
(for example) alKyl, alkenyl, alkoxy, hydroxy, oxo, nitro, amino, 
5 aminoalkyl (e.g., aminoraethyl, etc.), cyano, halo, carboxy, 
alkoxyaceyl (e.g., carboethoxy, etc.), thiol, aryl, cycloalkyl, 
heteroaryl, heterocycloalkyl (e.g., piperidinyl, morpholinyl, 
pyrrolidinyl, etc.), imino, thioxo, hydro^alKyli arylojcy, 
aryl al Kyi, and combinations thereof. 

10 Also, as used in defining the structure of the compounds of 

this invention, a particular radical may be defined for use as a 
substituent in multiple locations. For example, the r8 
substituent is defined as a potential substituent of R^, but is 
also incorporated into the definition of other substituents (such 

15 as r1, r6. and R^O. As used herein, such a radical is 
independently selected each time it is used (e.g., R^ need not be 
alKyl in all occurrences in defining a given compound of this 
invention). 

Lactam-containino moietv ; 

20 Groups r12, r13, and Rl*, together with bonds "a" and "b" of 

formula (I), form any of a variety of lactam-containing moieties 
known in the art to have antimicrobial activity. Such moieties 
wherein either bond "a" or bond "b" are nil (i.e., do not exist) 
are mono-cyclic; if both bonds exist, the structure? are 

25 bi-cyclic. Preferably, bond "a" is a single bond and bond b" is 
a double bond. 

Preferred lactam moieties include the oxacephems and 
carbacephems of the representative formula: 

30 



35 
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V 




COOH 



la 



15 



20 



25 



30 



wherein, referring to formula (II), bond "a" is a single bond; 
bond "b" is a double bond; Rl2 is -C(R8a)-, where R8a is 
hydrogen; Rl3 is -CH(r33), where r33 i$ cOOH; and r14 is 
-W'-C{R8a)(R38)-C"'-R37, where R8a and r38 are hydrogen, r37 is 
methylene, and W is 0 (for oxacephems) or C(R38) (for 
carbacepheiDS ) . 

Other preferred lactam moieties include the isocephems and 
iso-oxacephenis of the representative formula: 



wherein, referring to formula II, bond "a" is a single bond; bond 
"b" is a double bond; r12 is -C(R8a) where A8a is hydrogen; r13 
is -C(R33)=, where r33 is COOH; and r14 is -C(R8a|(R38).w.C"'.R37 
where R8a and r38 are each hydrogen, r37 is methylene, and W is S 
(for isocephems) or 0 (for iso-oxacephems). 

Other preferred lactam-containing moieties include the 
penems, carbapenems and clavems, of the representative formula: 




35 
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R 


rW 


• 


0^ 






COOH 



10 



15 



20 



25 



30 



. _ i_ e 1, fTT\ Wnnrf "a" is a slnole bond; 

wherein, rerernna w lumiu.- v**/» - 

bond -b" is a double bond; r12 is -C{R8a). where R8a is hydrogen; 
Rl3 is -C(R33).. where r33 is COOH; and rH is .W-C"'.r37, where 
r37 is methylene, and W is S (for penems), C(R38) {for 
carbapenems), or 0 (for clavems). Such lactam moieties are 
described in the following articles, all incorporated by 
reference herein: R. Wise, "In Vitro and Pharmacokinetic 
Properties of the Carbapenems". 30 ffntiniirrohial Aqgpts ^nd 
Chemotherapy 343 (1986); and S. McCombie et al., "Synthesis an 
in Vitro Activity of the Penem Antibiotics". 8 Mlrlpal Research 

Reviews 393 (1988). . 

Other preferred lactam-containing moieties of this invention 

include the penicillins of the representative formula: 




35 



Wherein, referring to formula II, bond "a" is a single bond, bond 
"b" is a single bond; r12 is -C(R8a)-. where R8a is hydrogen; R» 
is -CH(R33). where r33 is COOH; and r1* is -W-C"'(R36).r37- «here 
r36 is methyl. r37 is methylene, and W is S. 
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Other preferred lactam-containing moieties include the 
monocyclic beta-Tactams, of the representative formula: 



10 




15 



20 



wherein, referring to formula (II), bond "a" is a single bondj 
bond "b" is nil; r12 is -C(R8a)-, where R8a is hydrogen; r14 is 
nil; and r13 is -SO3H (for a monobactam), -PO(OR34)oh (for a 
raonophospham) ; -C(0)NHS02N(R34)(r35) (for a monocarbam), -OSO3H 
(for a roonosulfactam), -CH(r35)C00H (for nocardicins), or 
-OCH(R34)cooh. Such lactam moieties are described in 
C. Ciraarusti et al., "Monocyclic 8-lactam Antibiotics", 
4 Medicinal Research Reviews 1 (1984), incorporated by reference 
herein. 

Other preferred lactam moieties include the monocyclic 
beta-lactams of the representative formula: 



25 



30 




wherein referring to formula II, bond "a" is nil, bond "b" is a 
single bond; Rl2 is .C(R8a)(R29). where both R8a and r29 are 
35 hydrogen; and r14 is nil. 
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Other preferred lactam moieties include the clavams of the 
representative formula: 



5 




COOH 



wherein, referring to formula (II), bond "a" is a single bond; 
bond "b" is a single bond; r12 is -C(R8a)-, where R^a is 
hydrogen; r13 is -CH{R33)., where r33 is COOH; and Rl* is 
W-C"'=C-(R8*)-R37, where R8a is hydrogen and r37 is methylene, 
and W is 0. 

Other preferred lactam moieties include the 2,3-methyleno- 
penans and -carbapenams of the representative formula: 



20 




25 COOH 



wherein, referring to formula (11), bond "a" is a single bond; 
bond "b" is a single bond; r12 is -C(R8a)., where R^a is 
30 hydrogen; r13 is -C*{R33), where r33 is COOH; and R1* is 
W-C"'(R36)-r37, where r37 is nil, R36 is linked to C* to form a 
3-membered carbocyclic ring, and W is C(R38) or sulfur. 

Lactam moieties of this invention also include the 
lactivicin analogs of the representative formula: 



35 



wo 93/07154 PCr/US92/0824(l 




IQ wherein, referring to formula (II), bond "a" is nil; bond "b" is 
a single bond; r12 is -CH2-R32, where r32 is 0; r13 is .CH{R33)., 
where r33 is coOH; and r14 is nil. 

Other lactam moieties include the pyrazolidi nones of the 
representative formula: 




wherein, referring to formula (I), bond "a" is a single bond; 
25 bond "b" is a double bond; Rl2 is .CH2-R28-, where r28 is -N-; 
Rl3 is -C(R33)., where r33 is COOH; and Rl* Is W-C"'-r37., where 
r37 is methylene, and W is C(R38). 

Other lactam moieties include the gapia*Uctains of the 
representative formula: 



35 
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wherein, referring to formula (11), bond "a" is a single bond; 
bond "b" is nil; Ri^ is -CHz-R^e-, where r25 is -C{R3a) and rS* 
is hydrogen; R13 is -SO3H, -P0(0R34)0H, -C(0)NHS02N{R34)(r35), 
-OSO3H, -CH(R35)C00H, or -0CH{R34)C00H; and RI* is nil. 

Preferred lactam-containing moieties include isocephens, 
15 iso-oxacepheins, oxacephems, carbacephems , penicillins, penens, 
carbapenems , and monocyclic beta-lactams. More preferred are 
penems, carbapenems and monocyclic beta-lactams. Particularly 
preferred lactam-containing moieties for compounds made by this 
invention are penems. 
20 R^^f in formula (II), is any radical that may be substituted 
at the active stereoisomeric position of the carbon adjacent to 
the lactam carbonyl of an antimicrobial ly-active lactam. (As 
used herein, the term "antimicrobially-active lactam" refers to a 
lactam-containing compound, without a quinolonyl substituent 
25 moiety, which has antimicrobial activity.) This "active" 
position is beta (i.e., 7-beta) for oxacephems and carbacephems 
(for example). The active position is alpha for penems, 
carbapenems, clavems and clavams. 

Appropriate RlO groups will be apparent to one of ordinary 
30 skill in the art. Many such RlO groups are known in the art, as 
described in the following documents (all of which are 
incorporated by reference herein): Cephalosporins and 
Penicillins: Chemistry and Biology (E. Flynn, editor, 1972); 
Chemistry and Biology of b-Lactam Antibiotics (R. Morin et al., 
35 editors, 1987); "The Cephalosporin Antibiotics: 
Seminar-in-Print", 34 Drugs (Supp. 2) 1 (J. Williams, editor, 
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1987); New Beta-Lactam Antibiotics: A Review from Chemistry of 
ninical Efficacy of t he New Cephalosporins (H. Neu, editor, 
1982); li. Sassiver et al., in Structure Activity Relationshios 
. among the Semi -synthetic Antibiotics (D. Perlnan, editor, 1977). 
5 U. Ourckhelner et al., "Recent Developments In the Field of 
Beta-Lactam Antibiotics", 24 Anaew. Chem. Int. Ed. Enol. 180 
(1985); G. Rolinson, "Beta-Lactan Antibiotics", 17 jL 
Antimicrobial Chemotherapv 5 (1986); European Patent Publication 
187»456, Jung, published July 16, 1986; and World Patent 
10 Publication 87/05297, Johnston et al., published September 11, 
1987. 

For penems, carbapenems, clavems and clavams, R^^ is 
preferably lower alkyl, or hydroxy-substituted lower alkyl. 
Particularly preferred RlO groups include hydrogen, 

15 hydro)^yraethyl , ethyl , [l(R)-hydroxyethyl], [l{R)-£(hydroxysul- 
f ony 1 ) oxyethy 1 }f, and [1 -methyl - 1 - hydroxyethyl ] . 

Except for penems, carbapenems, clavems and clavams, 
preferred Rl^ groups are amides, such as: acetylanino, 
preferably substituted with aryl, heteroaryl, aryloxy, 

20 heteroaryl thlo and lower alkyl thio substituents; arylglycylamino, 
preferably N-substituted with heteroaryl carbonyl and 
cycloheteroalkylcarbonyl substituents; aryl carbonyl amino; 
heteroaryl carbonyl ami no; and lower alkoxyiminoacetylamlno, 
preferably substituted with aryl and heteroaryl substituents. 

25 Particularly preferred RlO groups Include amides of the general 
formula Rl8-{CH2)in-C(=0)NH- and r18 is r17. Examples of such 

preferred Rl^ groups include: 

[(2-amino-5-haTo-4-th1azolyl)acetyl]ara1no; 

[(4-aminopyridin-2-yl)acetyl]amino; 
30 [[{3,5-dichloro-4-oxo-l(4H)-pyr1dinyl)acetyl]amino] ; 

[[[2- (aminoraethyl ) phenyl ] acetyl Jamino] ; 
[ { IH- tetrazol - 1 -yl acetyl ) ami no] ; 
[(cyanoacetyl)amlnol; 
[ ( 2 - th i enyl acety T ) ami no ] ; 
35 [[{2-am1no-4-thiazoyl)acetyl]aro1no]; and 

sydnone, 3-[-2-amino]-2-oxoethyl . 
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«,en RlO IS Rl8-(CHab-C(C=0)NH-. and RlB Is -Vl. preferred 
RlO groups include the following: 
[sul f amoyl phenyl acetyl lamino ; 
[[{4-pyridinylthio)acetyllaraino]; 

include the following. 

preieneu iv-- r- 

[carboxyphenyl acetyl ] ami no ; 

[[[3.(2.furyli«thyl»e>»i"»)-' ' ™' 
carbonyllalnolphenyllMetynatno; 

(Rl-tCairtiiopliBiyUMtyDxiwli 
M iR;-[{»i.o-M-cyclol.e»d1e"-l-»''"«''"'"°'' 

25 acetyl] amino]; „«Hdinyl)carbonyl]atnino](4- 

(R).[[[[(4-hydroxy-6-raethyl-3-pyridinyucar 

hydroxyphenyl ) acetyl ] ami no] ; 
,R^t(ph««U«lf«cet,,)™M^^ 
{2R,3S)-[l2-Lt(*-ethyl-2.3-aioxo v v 

30 aminol-3-hydroxy-l-oxobutylJaminol; 

^ ,w.«„rhithien.3.yl)acetyllamino]; 



35 



(R).tUino(b««otb)thi.r,-3.yl).cetyllann.]. 
(rI -i t»in.(2-»tn.-4-tM azolyl )«.tyl )»»..) : 
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[[[[(6»7-dihydroxy-4-oxo-4H-l-benzopyran-3-yl)carbonyl J- 
amino] (4-hydroxypheny1 )acety1 ]aini no] ; 
(R»R)-[[2-[4-*[2-ani1no*2-carboxyethy1oxycarbony1]aininophen- 
y1 ] -2-hydroxyacetyl ]aaiino] ; and 

(S)-[[{5-hydroxy-4-oxo-l(4H)-pyridin-2-yl)carbonylamino(2- 
ainino-4->thi azolyl ) acetyl ] ami no] . 

Another preferred RlO group is R17-C{=CHR20)-c(»0)NH-. 
Another class of preferred RlO groups (for lactara-containing 
moieties other than penems^ carbapenems^ clavems and clavams) 
include those of the formula: 

Rl7-C(=N0-Rl9)-C(=0)NH-. 
Examples of this preferred class of RlO groups include: 

2-phenyl-2-hydroxyiminoacetyl ; 

2-th1eny1-2-methoxyiminoacetyl; and 

2- [4- (gamraa-D-gl utamyl oxy) phenyl ] -2-hydroxyimi noacetyl . 

(Z) [ [ (2-amino-4-th1azolyl ) (methoxyimi no) acetyl ]amino] ; 

[[(2-furanyl (methoxyimi no) acetyl ] ami no] ; 

(Z)-[[(2-amino-4-thia2olyl)[(l-carboxy-l-methyl)ethoxyim- 

i no] acetyl] ami no]; 

(Z)-[[(2-amino-4-thiazolyl)(l-carboxymethoxyimino)acetyl]am- 
ino]; 

[[{2-amino-4-thiazolyl)[(lH-imidazol-4-ylmethoxy)iminolacet- 
yl]amino]; 

(Z)-[[(2-amino-4-thiazolyl-3-oxide)(methoxyimtno)acetyl]ara- 
ino]; and 

(S,Z)-[[(2-amino-4-thiazolyl)[carboxy(3,4-dihydroxyphen- 
yl )methoxyimino]acetyl ]amino] . 

Suitable R^l groups are among those well-known in the art» 
including those defined in the following documents (all 
incorporated by reference herein). W. Durckheimer et al., 
"Recent Developments in the Field of Beta-Lactam Antibiotics", 
24 Anofiw, Chem. Int, Ed. Enol. 180 (1985); G. Rolinson, 
"Beta-Lactam Antibiotics", 17 J. Antimicm blal Chemotherapy 5 




(1986); and European Patent Publication 187,456, Jung, published 




wo 93/07154 



-28- 



PCr/US92/08246 



10 



15 
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, 1 Tfi 1985 preferred RH groups include hydrogen, methoxy, 

July 16, 1985. frererr 

methoxy. halogen, and forniylainino. 

«,e .rt t. 1.... »t .K««. ^ \ ^ ,,„„,^ 

„i.«es are «11 ^ ^' "l^tlT^.: J. -Ifs™ et 

al.. ine riuoruMui« vuro". 28 Pint1lnH'^°''^^' 

,es1st»«e. ^ectr. Ac >-^"^- „ 

(1988); 6. aopMn et al., 31 jitiiiirron ""'j^^ ^ 

inn, Bin I ^ j Femndes 

„t«d,t. a imJr^"^, ' " editor, 1987). 

Preferred quinolone mneties include «»» , ,i 
frererreu h , auinolones) A' is 

"IT,^-; is Si.tdVislitUe. (i.e.. ci.»oline acid 

derivatives); and where a1 is ^^^^^ preferred 

C(r5) (i.e., pyridopyri.idine denv iv s . o 
quinolone moieties are those where M is ); ^ J ^ 
Is C(RS) (i.e.. .uinolones); /^^^^Irly 
C(r2,. and A3 is C(R5) (i.e., "^^^^^^^^ ,2 c(R2). 
preferred quinolone nwieties are where ftl « C(R ), A 
35 andA3isC(R5) (i.e., quinolones). 



25 



30 
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Rl is preferably alkyl, aryl, cycloalkyl and a1 Kyi amino. 
More preferably, Rl is ethyl, 2-fluoroethyl, 2-hydroxyethyl , 
t-butyl, 4-f1uorophenyl, 2,4-difluorophenyl, methylamino and 
cyclopropyl. Cyclopropyl is a particularly preferred Rl group. 
5 Preferred quinolone moieties also include those where Al is C(9J) 
and Ri and r7 together comprise a 6-membered heterocyclic ring 
containing an oxygen or sulfur atom. 

r2 is preferably hydrogen or halo. More preferably r2 is 
chlorine or fluorine. Fluorine is a particularly preferred R2 
10 group. 

Preferred r3 groups include nitrogen-containing heterocyclic 
rings. Particularly preferred are nitrogen-containing 
heterocyclic rings having from 5 to 8 members. The heterocyclic 
ring may contain additional heteroatoms, such as oxygen, sulfur, 

15 or nitrogen, preferably nitrogen. Such heterocyclic groups are 
described in U.S. Patent 4,599,334, Petersen et al., issued 
Julys, 1986; and U.S. Patent 4,670,444, Grohe et al., issued 
June 2, 1987 (both incorporated by reference herein). Preferred 
r3 groups include unsubstituted or substituted pyridine, piperi- 

20 dine, morpholine, diazabi cycle [3. 1.1] heptane, diazabicy- 
clo[2.2.1]heptane, diazabicyclo[3.2.1]octane, diazabicyclo[2.2.2] 
octane, thiazolidine, imidazolidine, pyrrole and thiamorpholine, 
as well as the following particularly preferred r3 groups include 
piperazine, 3-methylpiperazine, 3-aminopyrrolidine, 

25 3-aminomethylpyrrol idine, N,N-di methyl ami nomethyl pyrrol idine, 
N-methylaminomethyl pyrrolidine, N-ethyl ami nomethylpyrrol idine, 
pyridine, N-methylpiperazine, and 3, 5-dimethyl piperazine. 

The specific physical, chemical, and pharmacological 
properties of the quinolonyl lactams of this invention may depend 

30 upon the particular combination of the integral lactam-containing 
moiety, quinolone moiety and linking moiety comprising the 
compound. For example, selection of particular integral moieties 
may affect the relative susceptibility of the quinolonyl lactam 
to bacterial resistance mechanisms (e.g., beta-lactamase 

35 activity). 
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,i.«,ih«l ia the follMring (laments, all of «hich >re 
Cat^a by r.f er««. European Patent P.b„«t,<» 

366,189, mu ««. De».th. published N„ i. 1990 , European P U 
ub ica ion 335. 297, Albrecbt et .1., published October 4, 1989. 
r ul Pat«.t Application Serial Ko. 07/5U.483, Oe«.th and 
White, filed April 18, 1990. 



^P^t^«Hc ftf Hanufaci 
,0 The precises of this mention _c.*r1sej^e_steps of: 

m Reacting a lactam compouno or u« - - ^ 

" to for. an Intemed.ate compound of the for-la 

B-L*-C(=0)-C1; and .,«i„„o 
coupli^ said tntemediate co.p«.nd «1th a qu.nolone 
„ " Xd of the formla Q-l3.p44, ^re.n R44 u ^r^. 
Si(R«)3. or Sn(R«)3l and R« is lowsr alkyl . 
prefer^;,, these processes add,ti«.ally c«prise st^s . 
protecting the lactam and flulnolone . ° 

reacting and coupling steps. In particular, the carboxyl^ 
20 r^ps at !.« and Rl3 are protected, -sin, an ester ,rou>^^ J^o 

for^d f.l,»1n, the c.,1. step 

Ti::,: r p^xr 'p:r i thu in«.ti. 

additionally comprises: 
25 (a) a step, prior t. said reacting step, -herein an ester 

of said lactam compound is formed; 
(b) a step, prior to said coupling step, wherein an ester 

of said quinolone compound is formed; and 
(b) deprotection steps, after said coupling step, wherein 
30 said groups are removed. 

suitable hydrolyzable esters useful in such P";'^*^/ 

^ in the art. They include, for ex^P o, aW. 0^ 



3S 



well Hno»n in ine an.. . , 

p.«ethoxyb».jyl, p-nitrobenzyl. diphenyl«th,l . '^■'2; 
,2,2.tr1chl.r.ethyl , Z-trieEthylsilylethyl. ^'-^ 
triiethylsilyl, t-butyldlphenylsllyl. t-b«tyl, and 
^H^W esters. Such esters. aM suitable protection and 
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deprotectlon chemistry for carboxylates and other functional 
groups, are described in T. W. Greene, Protective Groups in 
Qroanic Synthesis . J. Wiley and Sons (1981), incorported by 
reference herein. 

5 Further, depending on the specific lactam compounds and 

quinolone compounds employed, other functional groups (e.g., the 
RlO sub&tituent or the lactam compound) maor need to be protected 
or blocked In order to prevent undeslred competing side reactions 
from occurring during the coupling step. Protecting groups for 

10 hydroxyl substltuents include ethers, esters, and carbonates; and 
protecting groups for amino substltuents include carbamates, and 
amides. If various protecting groups are employed, then an 
appropriate deprotecting step, that will not decompose the 
coupled conjugate, may be required to obtain antibacterially 

15 active products. Chemistry useful in the protecting and 
deprotecting steps are well known in the chemical literature. 

In a preferred process, a silylated quinolone compound is 
used in the coupling step, wherein R** of the quinolone compound 
is Si(R45)3, and R*5 is lower alkyl. Preferably r45 is methyl or 

20 ethyl. Also, the r45 groups may be independently selected, such 
that the S1(R*5)3 moiety need not contain three identical R*5 
substi tuents . 

Any of a number of silylating reagents known in the art may 
be used to form the silylated quinolone compound, by reacting the 

25 silylating, agent with a quinolone compound wherein R^* is 
hydrogen. Such silylating reagents include, for example, chlo- 
rotrlmethyl sil ane; N-raethyl -M-trimethyl si lyl - tri f 1 uoroacetamide ; 
N,N-bis(tr1methylsilyl)urea; l-tr1methylsilyliro1dazole; 
bis(trimethylsilyl)trifluoroacetamide; and 

30 N,0-bis(trimethylsilyl)acetamide. Further, use of the silylating 
agent to form a silylated quinolone compound may also yield a 
silyl ester of R* carboxylate of the quinolone, as a protecting 
group. This ester can then be removed, using well-known 

deprotect 1 on chemi stry . 
35 The reacting step and coupling step are carried out in 

solution, using any of a variety of suitable solvents. Such 
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. A f«r PMnralB- halocarbon solvents, such as 
solvents include, for example. n*iu*. 

^tlvUne chloride, chloroform, and dichloroethanej ethers, sud. 
^.ZrZl and tetrahydrofuran (THF); aromatic solvents, 
as diethyl ether ana xeir j Halocarbon 

benzene and toluene; and mixtures inereui 
such as benzene an , coupling step comprises 

^ -tin, step »d tut^-f «» 

fro. about -80- C to .boot -40 '"f*' ' 
■ixed in tl» reaction step and co«(.lin9 stop 

Of tbe ;X Of ,.ct» 

Procedures for raaKing a oiwa 

references): .C.rnhllOWif^^ pen.cjlUns. Xhemi^^^^ 

(E. H. Flynn. ed. 1972) Chapters '^^-^J^^ 
Appendix I; L^rPnt Advances. in the CW rY 

Antihintics (A G. Brown and S. H. Roberts, ed., 1985). im 

^^'^^^^^ u \ vol 3 (Part B) and Vol. 4. (P. Sonnes, 

nheimstrv. Vol. 3, (Pari o) « fljactai! 

^'^^ ^' ' ^ . ..„xu„Hr Antibiotics (D. Perlman, ed, 1977J, 
Chapts. 1, 2, 3, 4. /\nTiPiOTF , ^^j. 

^^^^^^^^^^ 

Horin and H. Gorman, eds, 1982); 4 J" (1988); 24 

1-24 (1984); 8 flrdiriml "-^-^Vr^ R^^^^'* ^93 440 jwoo/. 



Jjf^jf^^^ publication 266,060 ; 42 ^ 

a nHbiotics 993 (1989), u.a. rawe" /iq89V U.S. 

;^t 4,791.106; Japanese Patent M.licati»> 62/15M«. i- 
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Med. Chem. 1987-1993 (1988); 30 J. Hed. Chem. . 514-522 (1987); 28 
Tet. Let. 285-288 (1987); 28 Tet. Let. 289-292 (1987); 52 J> Org. 
Chem. . 4007-4013 (1987); 40 J. Antibiotics . 370-384 (1987); 40 
Antibiotics . 1636-1639 (1987); 37 J. Antibiotics . 685-688 (1984); 
S 23 Heterocvcles . 2255-2270; '27 Heterocvcles . 49-55; 33 Chem. 
Pharm. Bull. 4371-4381 (1985); 28 Tet. Let . 5103-5106 (1987); 53 
J. Pro. Chem. . 4154-4156 (1988); 39 J. Antibiotics . 1351-1355 

(1986) ; 59 Ptira and Annl. Chem. . 467-474 (1987); 1987 J.C.S. 
Chem. Comm. ; 44 Tetrahedron . 3231-3240 (1988); 28 Tet. Let.. 

10 2883-2886, (1987); 40 J. Antibiotics . 1563-1571 (1987J; 33 Chem. 
Pharm. Bull. . 4382-4394 (1985); 37 J. Antibiotics . 57-62 (1984); 
U.S. Patent 4,631,150; 34 Chem. Pharm. Bull. . 999-1014 (1986); 52 
J. Pro. Chem. . 4401-4403 (1987); 39 Tetrahedron . 2505-2513 
(1983); 38 J. Antibiotics . 1382-1400 (1985); European Patent 

15 Application 053,815; 40 J. Antibiotics . 1563-1571 (1987); 40 iL 
Antibiotics . 1716-1732 (2987); 47 J. Org. Chem. . 5160-5167 
(1981); U.S. Patent 4,777,252; U.S. Patent 4,762,922; European 
Patent Publication 287,734; U.S. Patent 4,762,827; European 
Patent Publication 282,895; European Patent Publication 282,365; 

20 and U.S. Patent 4,777,673. 

General procedures for preparing quinolone compounds useful 
in the methods of this invention are described in the following 
references, all incorporated by reference herein (including 
articles listed within these references); 21 Progress in Drug 

25 Research . 9-104 (1977); 31 J. Med. Chem. . 503-506 (1988); 32 

Med. Chem. . 1313-1318 (1989); 1987 I iebics Ann. Chem.. 871-879 

(1987) ; 14 Drugs Exotl. Clin. Res. . 379-383 (1988); 31 J. Hed. 
Chem. . 983-991 (1988); 32 J. Med. Chem. . 537-542 (1989); 78 
Pharm. Sci. . 585-588 (1989); 26 J. Het. Chem. . (1989); 24 jLJsL. 

30 Chem. . 181-185 (1987); U.S. Patent 4,599,334, 35 Chem. Pharm. 
Bun. . 2281-2285 (1987); 29 J. Med. Chem.. 2363-2369 (1986); 31 
J. Med. Chem. . 991-1001 (1988); 25 J. Het. Chem. . 479-485 (1988); 
European Patent Publication 266,576; European Patent Publication 
251,308, 3fi Chem. Pharm. Bull. . 1223-1228 (1988); European Patent 

35 Publication 227,088; European Patent Publication 227,039; 
European Patent Publication 228,661; 31 J- Med. Chem.. 1586-1590 
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(1988); 31 ajled^ihsni.. 1598-1611 (1988); and 23 i^Jed^. 
1358-1363 (1980). Preparation of quinolone compounds useful 
herein are also described in: European Patent Publication 
366.189. White and Dep.uth, published Hay 2. 1990; European Patent 
Publication 335. 297. Albrecht et al.. published October 4 1989; 
' and U.S. Patent Application Serial No. 07/511.483. De^uth and 
White, filed April 18. 1990; incorporated by reference herein. 

The following non-1 iraiting examples illustrate the processes 
of the present invention. 

1° FXAMPLE 1 

^.n 1 rrr*./7_rarhft«v-l-CVCl0Dr0pyl-6- 

Preparation ot LaK-ioajQajj-j-iif - 

fluoro.l.4-dihydro-4.oxo-7-quinolinyl)-l-piperazinyll 

carbonyloxyln.ethyll-6-[(R)-l-hydroxyethyl]-7-oxo.4-thia.l. 
15 azabicycloI3.2.01hept-2.ene-2-carboxylic Acid Disodium Salt 
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OH 
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CO,H 




COsNa 



COsNa 
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A 3-neck, 1 L flask is fitted with a low temperature 
thermometer, overhead stirrer and a 500 mL dropping funnel. The 
apparatus is dried and then cooled to approximately -78* C under 
nitrogen with a dry ice/acetone bath. Phosgene (60 mL» 20% in 
toluene) is added via syringe through the dropping funnel. 
Dichloromethane is then rinsed through the dropping funnel into 
the flask. A solution of [5R-[5a,6a]]-6-[(R)-l-(t-butyldi- 
methylsi lyl -oxy)ethyl]-3-hydroxymethyl -7-oxo-4-thia-l-azabicyclo 
[3.2.0Jhept-2-ene-2-carboxylic acid allyl ester (40 gram) and 
N,N-di1sopropylethylaroine (20 mL) in 150 mL dichloromethane is 
transferred via cannula to the dropping funnel on the 1 L flask. 
This solution is then added to the phosgene solution at such a 
rate as to maintain the solution temperature between -75* C and 
•70' C (approximately 2.5 hour). Separately, M-methyl-N- 
trimethylsilyl-trifluoroacetamide (56 mL) is added to a 
suspension of l.cyclopropyl-6-fluoro-l,4-dihydro-4-oxo-7-(l- 
pipera2inyl)-3-quinoline carboxylic acid (33.2 gram) in 250 ml 
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dichloromethane at room temperature. The resulting solution is 
transferred to the dropping funnel on the 1 L flask via cannula 
and is added to the reaction mixture at such a rate so as to 
maintain the reaction ten^erature between -75* C and -70* C over 

5 approximately 1.5 hour. The reaction mixture is stirred for 
approximately 15 minutes, the cooling bath* is removed and 50 mL 
of water is added, allowing the solution to warm to approximately 
-10* C. A second aliquot of water (50 mL) is added and the 
mixture is further warmed to 10* C. 

10 The solution is filtered, extracted with water, washed with 

A^nfsA /\«mv* eA/iiiim ciil f af o Anrf mncpntrated to 

approximately 200 mL volume in vacuo. With overhead stirring, 
methanol (approximately 400 mL) is added to the resulting 
solution causing an immediate precipitation of an off-white 

15 solid. After stirring 15 minutes, the solid is filtered, washed 
with methanol, then ether and dried under high vacuum to yield 
approximately 57 gram product I. 

To a mixture of product I (26 gram) in 360 mL THF containing 
19 mL acetic acid at room temperature is rapidly added a solution 

20 of tetrabutyl ammonium fluoride hydrate (32 gram) in 640 mL THF. 
The reaction is stirred for 24 hours and concentrated to dryness 
in. vacuo. The residue is dissolved in dichloromethane (400 mL), 
extracted twice with water, washed with brine, dried over sodium 
sulfate, filtered and concentrated to approximately 250 mL. The 

25 solution is diluted with an equal volume of diethyl ether to 
precipitate the product which is collected by filtration and 
air-dried to yield approximately 18 gram of product II. 

To a solution of II (5.2 gram) in 500 mL dichloromethane at 
0* C is added 0.76 mL water and bis(triphenylphosphine)palladium 

30 (II) chloride (0.13 gram) followed by the rapid addition of 
tributyltin hydride (2.8 mL). The solution is stirred for 35 
minutes at 0' C, then cooled to -7* C to -10* C. Sodium 
2-ethylhexanoate (2.6 gram) in 250 mL THF is then added dropwise 
over 30 minutes. The mixture is stirred an additional 15 minutes 

35 and the precipitated product is collected by filtration. The 
crude solid is stirred in 60 mL acetone for one hour, collected 
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by centrifugation and dried in vacuo to yield 5 gram of the title 
compound . 

The following QLAs are also prepared, according to the 
procedure of the above Example, with substantially similar 
5 resul ts . 



0 




COjNa 




35 
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EXAMPLE 2 

Preparation of [5R-[5a,6a]]-[3-[[[l-{3-Carboxy-l-(3,4- 
difluorophenyl)-6-fluoro-l,4-dihy(lro-4-oxo-l,8-naphthyridin- 
7-yl)-pyrrolidin-3-yl]aniino]carbonyloxy]methyl]-6-[(R)-l- 
hydroxyethyl]-7-oxo-4-thia-l-azabicyclo[3.2.0]hept-2-ene- 

2-carboxyl1c Acid Oisodiura Salt 
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To a solution of 20% phosgene in toluene (1.3 mL) in 11 niL 
dichloroniethane with diisopropyl ethyl amine (0.48 rnL) at -35* C to 
-45* C under a nitrogen atmosphere is added dropwise a solution 
of [5R-[4b,5a,6all-6-[(R)-l-{t-butyldinethylsilyl-oxy)ethyl]-3- 
hydroxymethyl-4-methyl-7-oxo-l-azabicyclo[3.2.0]hept-2-ene-2- 
carboxylic acid allyl ester (1.0 gram) in 11 mL dichlororaethane. 
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* oe» p tft .45» C. then cooled 

to -78 C. A cninc» V £i.,„-„.i 4-dihv(iro-4-oxo- 

rolidin-l-yi)-i-v^»* , mi gram) with 

S di1s.prcp,lethyl»1.. (0.48 'nJ3 »^ ^^^^ 

5, cannula *ile "'"'^'^ ltxt«« Is extracted ^th 
7n* r After 30 min. the rea^iu" u" 

d 0 1 M H^l and water. The dichloromethane layer is dri^ 
cold 0.1 M HCl ana evaporated under vacuum. The 

over sodium sulfate and ^he solvent evap ^ 3 

10 residue was triturated with hexanes to yield app 

gram of product I. ^ ^ „ 2 araiiil in 40 

T. . ro» t^perature ^ in^Ula-^i" 

nuoHde Mrate ,r» ,nJ7 ^ .^^^ 
15 fixture is sttmd for 24 hours 

.nrogen at»spKere. "^^^^^^^^^^^ ^ «ith 
r«(du. IS taken up .n 50 irt. diO, or 

„ter and brine, the dichl.r»etha^e 1 ««r J d ^^^^ 

'"1 rst: .-"r»rtar .n- pestie in 

tr^^ttntrUald-ith ether. The soiid is 

filtered to yield 0.80 gram of product 11. 

, , solution Of ^^^J^^^j: ,.„^.™a., 
dtchloromethane «ith '"'"Yy'"' ' ' j j. c under a 
« Chloride (0.0» ,ra., and » Z^,;; ,o.46 «L) and 

e-sphero - ^-ethyl^xanoate 
the mixture allowed to st,r for 

(0.22 ,ra.) in 9.5 -1 of is^.*ied ^^^.^^ 
0- c .er^ slowly over 20 .in- and t-rre ,s 
30 .in. after the addition is coj^let^. Be r P 
filtered and washed with ether and ace one^^^e o J 

35 0.22 gram the title compound. 
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The following QLAs are also prepared, according to the 

procedure of the above Example, with substantially similar 
results. 
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EXflHELLl 

Preparation of [5R-t4b.5a.6a]]-3-[[[4-(3-Carboxy.l-cyclopropyl.6. 
fluoro.l.4-dihydro.4-oxo-7-quinolinyl)-6-[(R}-l-hydroxyoxyethyl] 
l-piperazinyl]carbonyloxy]methyl]-4-inethy1-7.oxo-l-azabicyclo 

[3.2.0lhept-2-ene-2-carboxylic Acid Disodium Salt 




COaallyl 



nn 




CO,H 



15 



20 



25 



30 



35 




COsailyl 



II 




CO,H 



CO,H 



A 



COjNa 
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A 30 L reactor is fitted with a low temperature thermometer, 
overhead . stirrer Is charged with dlchloromethane (.6 L) and 
toluene (1.8 L) and cooled to -78* C (Internal temperature). 
Phosgene gas Is Introduced keeping the temperature . below 
5 approximately -60* C. After recooling the mixture to -78* C, a 
solution of [5R-[4b,5a,6a]]-6-[(R)-l-(t-butyldimethylsilyl- 
oxy)ethyl]-3-hydroxymethyl-4-methyl-7-oxo-l-a2abicyclo[3.2.0]hept 
-2-ene-2-carboxy1ic acid allyl ester (L2 kg) and N^N- 
diisopropyl ethyl amine (580 mL) in 4.5 L dichloromethane is added 

10 to the reaction via metering pump at such a rate as to maintain 
the solution temperature between -75* C and -70* C. A premixed 
solution of N-methyl-N-trimethylsilyl-trifluoroacetamide (1.7 L) 
and l-cyclopropyl-6-fluoro-l,4-dihydro-4-oxo-7-{l-p1pera2lnyl)- 
3-qu1nol1ne carboxylic acid (1 kg) In 7.5 L dichloromethane Is 

15 then added to the reaction mixture at such a rate as to maintain 
the reaction temperature between -75* C and -70* C. The reaction 
mixture is stirred for approximately 15 minutes and 1.5 L of 
water Is added, allowing the solution to warm to approximately 
-10* C, A second aliquot of water (1.5 L) Is added and the 

20 mixture Is further warmed to approximately 10* C. The solution 
Is filtered, extracted with water, washed with brine, dried over 
sodium sulfate and concentrated to approximately 6 1 volume. 
With overhead stirring, methanol (3.2 L) is added to the 
resulting solution causing an immediate off-white precipitate. 

25 After stirring 15 minutes, the solid is filtered, washed with 
methanol^ then ether and dried to yield approximately 2.1 kg 
product I. 

A 30 L reactor is charged with THF (5.3 L), tetrabutyl ammo- 
nium fluoride (3.22 L, 1 H in THF) and acetic acid (790 mL). 

30 Solid product I (870 gram) Is added at room temperature with 
overhead stirring and the resulting suspension is stirred under 
nitrogen for 20-24 hours. The reaction mixture becomes 
homogenous overnight. Water (20 L) is added to the reactor, the 
resulting suspension stirred for one hour, and then the product 

35 is filtered. The crude product is placed into the 30 L reactor, 
more water (20 L) is added, the suspension is stirred for 1 h. 
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^ then the product U refUUred. -.shed «Uh W (S I). 
then arted t. jWe .ppmi«tel, 550 ,r«. of pr^-^ 

A 30 L reactor equipped .tth « .».rheed t.rrer u charged 
«tth product II (200 gra.) and dtchloromethane (12 L). The fl«K 
5 pu red .,tb nitrogen >M tetr.«s(triphen,l.phosph.ne,p.,.^i- 
u.(0, m is added. The reaction fixture u c.o,«i ■ 
„d a solution of sodio. 2-eth,1hexanoate (IM » ' ™f f 
slo«ly «ided to the reaction .essel »i. a »ter,ng pui* at su* a 
^" that the internal temperature was «i.Ul.ed be^n • C 
,„ Z l-T Stirring of the reaction .ixture is continued at - C 
1 ,1^1.5 hlr after co^letion of addition. Ihe react,™ 
rt'xtii^e is then centrifuged. the supernatant decanteo ot.. «~ 
"rp j ct washed With additional dichlor.«th»» (6 L)^ 
Jiog centrifugatio. decantation the ^^^^^^ 
,s u,5hed With additional dic*loro«thane (6 L). This process or 

Irifugation. and decantation is re.^ ««« -re. 
Following the final decantation step, fmal drying P 
affords 180 grams of the title compound. 
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WHAT IS CLAIMED IS: 

1. A process for making an antimicrobial compound of the 
formula 

[Q - Ll] L - [L2 - B] . 



wherein 

(I) Q is a structure according to Formula (I) 



10 



15 



wherein 
(A) 



20 



25 



30 



(I) 



(1) 



(2) 

(3) 
(4) 



(5) 



R 



4 



0 
II 

c 




R 



3 



a1 Is N or C(R7); where 

(1) r7 is hydrogen, hydroxy, alkoxy, nltro, 
cyano, halogen, alkyl, or N(R8)(r9), and 

(ii) r8 and r9 are, independently, R8a where 
R8a is hydrogen, alkyl, alkenyl, 
carbocyclic ring, or heterocyclic ring; 
or r8 and R^ together comprise a 
heterocyclic ring Including the nitrogen 
to which they are bonded; 

a2 is N or C(R2); where r2 Is hydrogen or 

halogen; 

a3 is N or C(R5); where r5 1$ hydrogen; 

r1 is hydrogen, alkyl, a carbocyclic ring, a 

heterocyclic ring, alkoxy, hydroxy, alkenyl, 

arylalkyl, or N(R8){R9); 

r3 is hydrogen, halogen, alkyl, a carbQcyclIc 

ring, or a heterocyclic ring; 
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(6) R* is hydroxy; and 

(7) r6 is hydrogen, halogen, nitro or N(R8)(R9); 

3c (B) except that 

(1) when Al is C(R7), R1 and r7 may together 
comprise a heterocyclic ring including M' and 

Al; 

(2) when a2 is C(R2), R2 and r3 may together 
comprise -0-(CH2)n-0-, where n is an integer 
from 1 to 4; 

(3) when A3 is C{R5). R* and R5 may together 
comprise a heterocyclic ring including the 
carbon atoms to which R* and r5 are bonded 
and the carbon atom of Formula (I) to which 
said carbon atoms are bonded; and 

(4) when A3 is C{R5). R1 and R5 may together 
comprise a heterocyclic ring including N' and 
the adjacent carbon to which r5 is bonded; 

50 (C) and except that one of Rl. R^. or r7 must be nil; 

(II) B is a structure according to Formula (II): 
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I") pio. 
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50 wherein 
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(A) 



RiO is hydrogen, halogen, alkyl, alkenyl, 
heteroalkyl, a carbocyclic ring, a heterocyclic 
ring. RSa-O-. RSacH-N-, (R8)(R9)N-. 
r17.C(-CHR20).C(.0)MH-. r17-C(.M0-R19)-C(-0)NH.. 
or Rl8-(CH2)n,-C(-0)NHs where 
(1) m is an integer from 0 to 9; 
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(2) is hydrogen, alkyi, alkenyl, heteroalKyI, 
heteroal kenyl , a carbocyclic ring, or a 
heterocyclic ring; 

(3) Rl8 is Rl7, -Yl, or -CH(Y2)(Rn); 

(4) r19 is r17, aryUIKyI, heteroaryl a1 kyl > 
-C{R22)(r23)COOH, *-C(=0)0-R17, or 
-C(«0)NH-R17, where r22 and r23 are, 
independently, R^^ or together comprise a 
carbocyclic ring or a heterocyclic ring 
including the carbon atom to which R22 and 
r23 are bonded; 

(5) R20 is r19, halogen, -yl, or -CH(Y2)(r17); 

(6) yl is -C(=0)0R21, -C(=0)R21, .n(r24)r21, 
-S(0)pR29, or -0R29; and y2 is Yl or -OH, 
-SH, or -SO3H; 

(a) p is an Integer from 0 to 2; 

(b) r24 is hydrogen; alkyl; al kenyl; 
heteroal kyl ; heteroal kenyl ; a 
carbocyclic ring; a heterocyclic ring; 
-SO3H; -C(=0)R25; or, when r18 is 
-CH(N(R24)r21){r17), r24 may comprise a 
moiety bonded to R21 to form a 
heterocyclic ring; and 

(c) R25 is r17, NH(R17), N{R17)(r26), 

0{R26), or S{R26); where r26 is alkyl, 
a 1 kenyl, a carbocyclic ring, a 
heterocyclic ring, or when R25 is 
N(r17)(r26), r26 may be a moiety bonded 
to r17 to form a heterocyclic ring; and 

(7) r21 is r29 or hydrogen; where R29 is alkyl; 
al kenyl ; aryl al kyl ; heteroal kyl ; 
heteroal kenyl ; heteroaryl al kyl ; a carbocyclic 
ring; a heterocyclic ring; or, when Y is 
N(r24)r21 and r21 is r29, r21 and r2* may 
together comprise a heterocyclic ring 
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mcladlng the nitrogen ato« to which r2* is 

rU is hydrogen, halogen, alkoxy. or k v ; 
where R" is hydrogen or ami; 



(D) 

110 



. hond VisniUthenRi^is 

,„) 830 .„d r31 are, independently, elkyl. 

heterocyclic rina s-bstituents; or R 
r^s/tcether c»,rise a heter^cl 
ring includlns the nitrogen .to. t. 
^,ch r3« ami K^' °r, „ 

-jSrar;:^ is directly l»ndedt.«Mn 

Ferula (II) t» f.™ a ^'^'"^'^i 
• r .h" is a single i»nd. «" " 

"T"' r\;>- contains . 

r:rnJto»3at.fo™.3.-^.dH-^^ 

(2, if bond "b" is a double bond, R 

„„ ,13 ,s hydrogen. -SO3H. 

■rrii^-^sr':-'- 

hydrogen, alicyi, * •» -5 . 

„ a heterocyclic r,ng; and » 
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hydrogen, alKyl, alkenyl, or -NHR^*; or, if 
r13 is -C{0)NHS02N(R34){r35), r34 and r35 

140 together comprise a heterocyclic ring 

including the nitrogen to which r34 and r3S 
are tiondedj and 
(F) (1) if bond "a" or bond "b" is nil, then r1* is 
nil; 

145 (2) if bond "a" and "b" are single bonds, r1* is 

-W-C"'=C{R8a)-R37., or -W-C"'(R36).r37.; or 

(3) if bond "a" is a single bond and bond "b" is 
a double bond, R^^ is 
-C(R8a)(R38).W-C"'.R37-; 
150 -W'-C(R8a)(R38).c-'-R37.; or -W-C"'-R37.; 

where 

(a) U is 0; S(0)s, Where s is an integer 
_ from 0 to 2; or C(R38), where r38 is 

hydrogen, alkyi or a1ko>^; 
155 (b) W is 0; or C(R38)-, 

(c) r36 hydrogen; alkyi; alkenyl; -COOH; 
or, if r13 is -C*(R33), r36 nay be 
linked to C* to form a 3-membered 
carbocyclic ring; 

160 (d) r37 and is nil, alkyi, alkenyl, a 

carbocyclic ring, or a heterocyclic 
ring; and 

(e) C" is directly bonded to r13 to form a 
5- or 6-membered ring; and 

165 {III)(A) L is -C(=0)-, and is bonded to l3 and 

(B) l1 is l3 or R15L3; where 

(1) l3 is nitrogen; 

(2) r15 is alkyi, alkenyl, heteroalkyl, a 
heterocyclic ring, a carbocyclic ring, or r15 

170 together with l3 is a heteroalkyl or a 

heterocyclic ring; and 
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(3) l1 is bonded to Q at the point of attachment 
of r1, or R'^, whichever is nil; 
(C) l2 is L*. -X2t-R39-L*, or -xSt-R^'-L*? where 

175 (1) L* is oxygen; 

(2) X2 is oxygen, or S{0)v. where v is 0, 1, or 

2; 

(3) X3 is nitrogen; N{R40); N+(R«)(R*2); or 
r43-m(R*1); and is linked to r1* by a single 

180 or double bond; or, if R^* is nil, X3 is 

linked to B by a single or double bond; where 

(a) R*0 is R8a; -0R8a; or -CH)R»a; 

(b) R*l and R*2 are, independently, 
hydrogen; alkyl; alkenyl; carbocyclic 

185 rings; heterocyclic rings; or, if R^ is 

R16X, then R^l and R*2 together with Q" 
may comprise a heterocyclic ring as r16; 

(c) R*3 is N{R*1), oxygen or sulfur; 

(4) t is 0 or 1; 

190 (5) r39 is alkyl, alkenyl, heteroalkyl, 

heteroalkenyl, a carbocyclic ring, or a 
heterocyclic ring; and 
(6) (a) if bond "a" or bond "b" is nil, then l2 
is bonded directly to r12 or r13; or 
195 (b) if bond "a" and bond "b" are not nil, 

then l2 is bonded to r1*; 
and pharmaceutically-acceptable salts and biohydrolyzable 
esters thereof, and hydrates thereof; 

comprising the steps of: 

200 (1) Reacting a lactam compound of the formula B-L*-H with 

phosgene to form an intermediate compound of the formula 

B-L*-C(=0)-C1; and 
(2) Coupling said intermediate compound with a quinolone 
compound of the formula Q-l3-R4*; wherein R** is hydrogen, 
205 Si(R«)3, or Sn(R«)3; and r45 is lower alkyl. 
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2. A process, according to Claim 1, additionally comprising 

(a) a step, prior to said reacting step, wherein an ester 
of said lactam compound is formed; 

(b) A step, prior to said coupling step, wherein an ester 
of said quinolone compound Is formed; and 

(c) deprotection steps, after said coupling step, wherein 
said esters are removed. 

3. A process, according to Claim 1, wherein said coupling step 
comprises adding a solution containing said quinolone compound to 
a solution containing said intermediate compound. 

4. A process, according to Claim 3, wherein said solutions are 
in a halocarbon solvent. 

5. A process, according to Claim 4, wherein said halocarbon 
solvent is selected from the group consisting of methylene 
chloride, chloroform, dichloroethane, and mixtures thereof. 

6. A process, according to Claim 3, wherein said reacting step 
and said coupling step are performed at a temperature of from 
about -80* C to about 0* C. 

7. A process, according to Claim 6, wherein said temperature is 
from about -80* C to about -40* C. 

8. A process, according to Claim 6, wherein R** is S1(R^5)3. 

9. A process, according to Claim 3, wherein Rl* is -H-C"'-R37-. 

10. A process, according to Claim 9, wherein U is 5(0)$. 

11. A process, according to Claim 10, wherein a1 is C(R7), a2 is 
C{R2), and A3 is C(R5); or a1 is nitrogen, a2 Is C(R2), and a3 Is 
C(R5). 
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C(r2) , and a3 is C(R5) . 

.•«n to ClalBi 11. wherein is nil and 

13. A process, according to Claim 

comprises a bond to 

„ tn Claim 11, wherein R6 is 

14. A process, according to Claim 

comprises a bond to l1. 
compound is: 

l-Cyclopropyl-6-Tl"0"^° i."* ""'J' 
3-carboxylic acid; 

3-carboxylic acid ally! ester; 

. A Hihvdro.4-oxo-7.piperazinyl-quinoline- 
l.Cyclopropyl-6.fluoro-1.4-dihydro 4 ox 

3-carboxylic acid di phenyl methyl ester. 
,,^,„,,,,e...oro-l,Mihydro.4-oxo-7-pipera.inyl..^^^^ 

10 3-carboxylic acid t-butyl ester; 

l.Cyclopropyl.e-fluoro.M.dihydro-4.oxo.7-piperaziny^ 

iSic acid 2.2,2-trichloroethyl ester; 

1 a ft-difiuoro-l»*-dihydro 
7.(3.Amino.l.pyrrolidinyl)-l-cyclopropyl-6.8 difluor 

.4.oxo-quinoline-3.Garboxylicacid; 

vHi„vlM-cyclopropyl-6.8.difluoro-l.4-dihydro 
15 7-(3-Amino-l-pyrrolidinyl)-l eye op w 

. ■» rarboxvlic acid allyl ester, 
-4-oxo-quinoline-3-carDoxyi I*. 

'.; Wno,l-3-c.r^«y"' aCd aUyl ester, 
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5-Ainino-7-(3-amino-l-pyrrolidinyl)-l-cyclopropyl-6,a-difi:uoro-l,4 
20 -dihydiro-4-oxo-quinoline-3-carboxylic actd alTyl ester; 

5-AiDino-l-cyclopropyl-6,8-difluoro-l,4-dihydro-7-(2,6-diinethyl-4- 
p1peraz1ny1)-4-oxo-qu1no11ne-3-carbo}^11c acid; 

7- ( 3-Anii no- 1 -pyrrol idi nyl ) - 1 - ( 2 , 4 -d i f 1 uorophenyl ) -6- fl uoro- 1 , 4- 
dihydro-4-oxo-l,8-naphthyridine-3-carboxylic acid ally! ester; or 

25 7- [3- (t-Butyl oxycarbonyl ) ami no- 1 -pyrrol idi nyl ]- 1 -cycl opropyl -6,8- 
diinuoro-l,4-dihydro-5-hydrazino-4-oxo-quinoiine-3-carboxylic 

acid allyl ester. 

16. A process* according to Claim 11, wherein lactam compound 
is: 

[5R-[5a,6a]l-6-[(R)-l-(t-butyldimethylsilyloxy)ethyl]-3- 
hydroxymethyl-7-oxo-4-thia-l-azabicyclo[3.2.0]hept-2-ene-2- 

5 carbpxylic acid allyl ester; 

[5R- [5a,6a] ] -6- [ (R) -1 -[ (al lyl oxycarbonyl )oxylethyl ] -3- 
hydroxymethyl-7-oxo-4-thia-l-azabicyclo[3.2.03hept-2-ene-2- 

carboxylic acid allyl ester; 

[ 5R- [5a , 6a] ] -6- [ (R) - 1 - [ (2 , 2 , 2 - tri chl oroethyl oxycarbonyl ) oxy] 
10 ethyl ] -3-hydroxyraethyl -7-oxo-4- thi a- 1 -azabi cycl o[3 . 2 . 0] hept-2 - 
ene-2-carboxyl1c acid 2,2,2-trichloroethyl ester; 

[SR- [5a , 6a] ]- 6- [{ R) - 1- ( t - butyl d i methyl s il yl oxy ) ethyl ] -3 - 
hydroxymethyl-7-oxo-4-thia-l-azabicyclo[3.2.0]hept-2-ene-2- 

carboxylic acid di phenyl methyl ester; 

15 [5R-[5a,6a]l-6-[(R)-l-(t-butyldimethylsilyloxy)ethyll-3- 
hydroxymethyl-7-oxo-4-thia-l-azabicyclo[3.2.0]hept-2-ene-2- 

carboxylic acid t'butyl ester; 
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20 carboxylic acid ally! ester; 

re ^ 11 rfR^-l-(t-butyTdimethylsilyloxy)ethy11-3-(2- 

carboxylic acid ally! ester i or 

r.. p fi,n 6-r(R)-l-(t-butyldifflethylsilyloxy)ethyl]-3-{2- 

[5R-l4b.5a,6al]-6-UR) ^ " ' „M^„rlor3 2 0]hept-2-ene-2- 
25 hydroxyethylthio).4.n,ethyl-7-oxo-l-azabKyclo[3.2.0]h 

carboxylic acid ailyl "ter. 

r-i 4« 1 wherein said antimicrobial 
17. A process, according to Claim 1. wherein 

compound is^ 

.4-oxo-7-quinonnyu P't- . . „ ^.r, , oihept-2-ene-2- 
5 hydroxyethyl]-7.oxo.4-thia-l-aiabicyclo[3.2.0]hep 

carboxylic Acid, Disodium Salt; 

10 ene-2-carboxylic Acid, Disodium salt; 

r„ r., fiall 3-rr[r4-(3-Carboxy-l-cyclopropyl-6,8-difluoro-l,4- 
[5R-[5a,6al]-3 [[I '^ 3.„yrro^idinylla«inol- 
,, Hydro -4.0X0-7 -^^^^^^^^^^^^ 

V c . 11 . rrrr4-(3-Carboxy.l-cyclopropyl-6.8-difluoro. 

1.4.dihydro 4 0X0 q ^^yl ]-4-methyl -7-0X0-1- 

carbonyloxy]methyll-6-[(R) I ''^''''"^ ' . ^^^^^^ salt; 
azabicyclo[3.2.0]hept-2-ene.2-carboxylK Acid. Disoa 
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[5R-{5a,6a]]-3-[[[[4-[3-Cairboxy-l-(2,4-difluorophenyl)-6-flooro- 
20 l,4-dihydro-4-oxo-l,8'naphthyr1din-l-yl]-(S)-3-pyrrolidinyl] 
amino] -carbonyl o)(y]inethyl ] -6- [ (R) -1-hydroxyethyl ] -7-oxo-4-thia-l- 
azab1cyc1o{3.2.0]hept-2-ene-2-carboxy1ic Acid, Disodium Salt; 

[5R- [4b, 5a,6a] ] -3- [ [ [ [4- [3-Carboxy- 1 - (2, 4-di f 1 uorophenyl ) -6- 
f 1 uoro-1 ,4-dihydro-4-oxo-l ,8-naphthyridin-l-yl ] - (S) -3- 

25 pyrrol idinyl ] ami no] -carbonyl oxy]inethyl 1 -6- ( { R) - 1 -hydro)?yethyl ] - 
4-inethyl-7-oxo-l-a2abicyclo[3.2.0]hept-2-ene-2-carboxylic Acid, 

Disodium Salt; 

[5R-[5a,6a]]-3-[[[4-(5-Ainino-3-carboxy-l-cyclopropyl-6,8- 
di f 1 uoro-1 , 4-di hydro-4-oxo-7-qu1nol i nyl ) -2, 6-dimethyl -4- 
30 piperazinyl ]carbonyl oxy]inethyl ] -6- [ (R) - 1-hydroxyethyl ] -7-oxo-4- 
thia-l-azabicyclo[3.2.0]hept-2-ene-2-carboxylic Acid, Disodium 

Salt; 

[5R- [4b, 5a,6a] ] -3- [ [ [4- (5-Amino-3-carboxy-l-cycl opropyl -6,8- 
difluorO'l,4-dihydro-4-oxo-7-quinolinyl)-2,6-diraethyl-4- 

35 pi perazi nyl Jcarbonyl oxy]methyl J -6- [ (R) - 1-hydroxyethyl ] -4-raethyl - 
7-oxo-l-azabicyclo[3.2.0]hept-2-ene-2-carboxylic Acid, Disodium 

Salt; 

[5R-[5a.6a]]-3-I[[2-[7-{(S)-3-Amino-l-pyrrolidinyl)-3-carboxy-l- 
cyClopropyl-6,8-d1fl uoro-1, 4-dihydro-4-oxo-5-quinolinyl]-l- 
40 hydrazi no] -carbonyl oxy ]roethyl ] -6- [ (R) - 1-hydroxyethyl ] -7-oxo-4- 
thia-l-azabicyclo[3.2.0]hept-2-ene-2-carboxylic Acid, Disodium 

Salt; or 

[5R-[4b,5a,6a]]-3-[[[2-[7-{(S)-3-Araino-l-pyrro1idiiiyl)-3-carboxy- 
1 -cycl opropyl - 6 , 8-di f 1 uoro- 1 , 4-di hydro-4-oxo- 5-qu i nol i nyl ] - 1 - 
45 hydrazi no] -carbonyl oxy]methyl ] -6- [ (R) - 1-hydroxyethyl ] -4-methyl -7- 
oxo-l-azabicyclo[3,2.0]hept-2-ene-2-carboxylic Acid, Disodium 

Salt. 
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